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JAPIO CLASS: 42.2 (ELECTRONICS - Solid State Components); 14.1 (ORGANIC 

CHEMISTRY -- Organic Compounds); 35.1 (NEW ENERGY SOURCES - 
Solar Heat) 

JAPIO KEYWORD:R020 (VACUUM TECHNIQUES) 

ABSTRACT 

PURPOSE: To provide a photovoltaic element for which a highly stable 
electrode material can be used and which has a high conversion efficiency 
as an organic photovoltaic element. 

CONSTITUTION: In this element which contains a part composed of three 
consecutive layers of an electron accepting organic matter layer (I), layer 
(II) in which an electron accepting organic matter and electron donating 
organic matter are mixed, and electron donating organic matter layer (III) 
between the two electrodes, at least one of which is translucent, different 
kinds of pigments are used as the electron donating organic matters in the 
layers (II) and (III). 
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( 2 

I 

[fttffflfcfco^BJ 

1 ] < i: fc-^iSTttiT&S 2 Offlfi 

^ntm^m^\±mmmm<Dm^mAz$>^>m an t 
s^-^tt^fe® on) oiibft3oo@*^a 

£gB»£^&7fcie^i??^fri5V>-L\ /i (ID 

z>m?m*tetofZ£:m din om^w^-tt^MA^ss 
din (DQTm^&tommfizz>ft®iw.®zmT2>m. 10 
[as*^3] js (id 

din ^=f-^^.mnii^t\^nv^u^y-^m 

[^*JS4] m (in i;titi5i?ft4tt««t8 
(no ©m : ?«#i4#iii*i-e-n^ : ti*'L>^JB^^.2) 

7 f> D - >m&fr C £ £$HB <h T-SISsftS 1 
S/tJSfS^ 2 ICgEiKOftig^Sft^ . 20 
[I*** 5] £fc-#7WS3fcttTcl5£2 0©tB 

fficolHtc. t^tFttftttlM (I) tm^S^ttWttt 
4*St£mTifc4Mi#«MfcS©^ttai(c*-5Ji (II) 4: 

(in) <ommi,iz3z><D®frz,ft. 
-5 je (id iz^^n^m^-^-it^mis 

(III) ©«^#1£%M^SS©Mlef-r**^LEm^ 

(in £7gfi£-r-5»^f;:. business n7cs?£gt± 

[0 0 0 1] 
[0 0 0 2] 

a. 7i*77X©S i TftM^BIi$nxt>5g 40 
Wfl5*t* 3fe«8fc©£j£fc:ttl*affl*#©#3:;&ts& 

[0003] i) isav h*-m&mtz\*Mi 



4#B8¥6-3 1 8 7 2 5 
2 

S^iesnxv>?>. Al/^n->7->/AgS 
? tcsrr^ 7 8 rnW/ c m ! ?>&&ytm$iT'&1k$>)m 
0. 7% (V oc =l. 2V, J sc =l. 8mA/c 
m'. ff = 0. 2 5) Am&-2nTl>2>. [A. K. 
Ghosh&J. Appl. Phys. 49. 5982 
(1 9 7 8)). Z\<D?-f7°<7>mT\zm^£>nT^2>ft 

m¥mt*-zmm%}mv>m^'b<Dtei>m\zm%.-$nT\,> 

-5. fig^T. ««*m*,A 1 . In. Mg¥rott?BI» 

^fiv^orj^ffl^ti-s. z\nz>\z®%izmitzti%. 

[0 0 0 4] 2) nS«fl>NM:/pg«tt¥i^ 

n a** p m^m^mfrzt&G u t t; 

SftSPm^WBL *:*>©. nS«fitl,TCdS. Z 

y->?fc£k 7^D->T^>^^e^tlT^-S. IT 
0/ffCdS/tt5(!ft7;i/SZ'>Ai/D;b7i'Di/7 
X>/Au 7 5mW/cm ! ©AM-2)L 

JH«tT?**il»* 0 . 2 2% (V, c = 0. 6 9 V, J sc = 
0. 8 9raA/cm ! , ff = 0. 29) A'iST** 

CA. HorSAppl. Phys. Lett. , 4 
2, 1 5 (1 9 8 3)1. 

[0 0 0 5] 

3) W«/W«^rDpn*g^£*JfflL£:t>© 

* fc± u zMft&mm l fc t> ©. 

[0 0 0 6] itOtifttLTY?*^ hi/'J->. 
/^WH^UyK fcT'J 'J ^A^ro&ift. 

n>. <<>] l/>WWf(DHftM«ffM:ft«i« i «<!r^ 

[0 0 0 7] I TO/ffl7^Dy7->/^U 1^>SS 
/AgSfCST5 7 5mW/cm'©AM- 2)tSait 
T£Mft*0. 9 5% (Vo« = 0. 4 5V. J, c =2. 
3mA/cm'. ff-0. 6 5) #*§SntU5 

(C. Tang Appl. Phys. Lett. . 4 
8. 1 8 3 (1 9 8 6) ] „ CO«tt*«4»t«t»fc* 

«fc-54$^BS 6 2-4 8 7 1 iZit, &%?m&rC&m<0'< 
U U >mftlZM LT3£&#)i?S 1 % (V oc = 0. 4 4 V. 
J sc = 3. OmA/cm', ff = 0. 6) tf8£3n 

[0008] s&c. tfS*ttirtl«/lfft4**r 
^T^^^tiTfeD. ^n£-r©m^gst±w«&/ 

[0 0 0 9] I TO/^'J l/>ift/'<U U>ffiiH4i 
? D ->T - >/ffi^JS 7 ^ D ->7 - >/ A u ^ 
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( 3 

3 

lC#-r •£ 10 0 mW/ c m' ©JtSglfeaifcJW 0 . 7 
% (V. e = 0. 5 1V, J 1C = 2. 14mA/cm', 
f f = 0. 4 8) ^«§SnTV* CM. Hi r a mo 
toSAppl. Phys. Lett. . 5_8, 1 0 6 
2 (19 9 1)). 

[ooio] ttaftfcffl^fcaaemasfry-wfcsias* 

' U it> 1 OmA/cm'OJscriti&H-tTi&S. 10 

[ooii] *&. f fA^avw^u. f f ©as 

&»C<ftTT*C£Ca*<h^fcnT<^.&. ScoT. £ 

[0 0 12] XCJDAii. iSSntU5WS)Kei 
M-Jfr*. 

1) xa'y^-^fefiMISIfi^ 
[0 0 13] 

2) ««¥a#/*«t¥«#^Dpntg^ 

SjJt. 4 0 0^6W^t{48 0 0 nmi-rSSl'VJtKJKSrfc 40 
0#tM*S#tt3!fc#ttL;5i:v^<&Ta*. 9coT. C 

[0 0 14] 3)Si/*fAfDpnffid 

«f|i$<Z>T a n g fc<fc S$g«T« 4 5 
0~5 5 0nmTa^iJl/>M8, 5 5 0~7 0 0 n 50 



- 3 1 8 7 2 5 

4 

*&. f f *ttO*?ttriEfctt'<*et>C&tt. 

Tang KOttrfiW^W^S* UT^-S. 
[0 0 15] l:3a&U::r«Ji©J*SjW*V>fca (3 0 0 

~5 0 0 Aa*asbv»cia*ttfiricA2*3nTir»*> . 

Wiii^Bl^TK*^n-2>. Ta n gBcC0iB5:«>®ffi®® 
f*0. lcm't^TfiO. m&m-?(Dffim (I cm' 

[0016] 2-pi6ttmffi*m<orBiM-ea-5. &<drw 

«V. t *<(£T-r<5 4:»7J>nTl>*. CftlW-Sy^S 

«Wit)n&&8oi*ssn4. C l5jj<. a-— 

ftfWCte I n. Ag. Sn, A I &Mmt<tlX^Z>. 

[0 0 17] 3^iLT. £©«^agtt*r««5i:L 
TliV7*-l' ^'J->. sCUy K tf'J'J 

[0 0 18] «^3«ttW«*b/I«fc« ; ?lft#tt*r 
* J: K H L T fctSc* t PQ* 

ape: <t & -5 s -& m \z yt & * <c © «r s -a- -& t ^ 5 t t> ^ 
?«-ca*. 

[0 0 19] 

t v x. -5 * mm? * c 1 1- * * . 

[0 0 2 03 
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5 

( i ) tm^^amm^intn^^^m^n^m 
'%®.m\z$>z>m (in i«?##te*-*«WB (no <o 

jg^Sg<c«SJl (ID (III) 

[0 0 2 1] St: ^oaftS«f«4tt*R©a*t 
*». 7?Dj^7=>i«i*«U K>«»StttM 

7 = >jg*Wt»'E>&JB ttT3 fflO^JB £ WT -5 7 ^ □ 
-> 7 ^ > t tf'k&JS £ L T 4 fl5<£&« £*Tf -5 7 ? D -> 

ttWttll&S? t « J f«t#tt«-t8«&H«5S-&«ffi Id * -5 JB 
(II) OHMS*,!: LT, fi^ttttdt&OXffift*. *ft 

[0 0 2 2] (3*m*f£) *«W©3tfi«*3H^O 1 ^ 

*«fc*r>Tt>J:<. HCS^ICtt. aft1£-?&«i&S 
[0 0 2 3] (HritO ±E. 01A>e,02©**f*% 

**«*w©fifttt*K**Ji an civ>tH*o7 

SfI*T»l UMtttCJMBlCftftl: 9 £H£*i 

*r«fej§ (I) . TC4K#«fBttrJB (HO ©m^Rtf 
«^tt#**m©fi-&tt»l;:**« (II) KIsg/flSttS 
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( 4 ) #BB¥6 - 3 1 8 7 2 5 

6 

S«»3IH 1 0«*3a* (77) tt<fc5£fc.fcoTSan*. 
[0 0 2 4] 

[11] 

-7 («) = VocXj^eXf f xl 0Q 

[0 0 2 5] ±£Cfc*5U-t\ VtcteWMmoMEE* J S c 

[oo2 6] i. n^^^m^ntm^^^m 
vonom&vtmiz&zM (id zmwcMZk 

(a) m^S«ttWt8«lt«T«#ttW«B«5*ii^Slt 
7t^x*it-f7*l/y?^S;^lTeCD. S^SW 

(b) 2moMmmfcz>ttn\z<ko> m^s^^m 

[0 0 2 7] ( c ) 2 S<DEf6]tt?!><gfcS*mi;: «fc 0 . 

$>z>m (in ©IHiajtta^fc u ^oKiRScDiiio*«t> 

(d) 2me»8£l,Bt>mtt.2>tfmzJiQ . Sfggftfe 
30 «ta^«#tt^tt«)»CDig-&«jglC*-5® (II) «<tt 
©STfcfci&llJgK&fcU *t'J74)Ji7)«|Sl±Ufc. 
[0 0 2 8] 2. «?SSttW««/Stm^«#ttW« 

^M©ig-&tt!itc*-5S (id ic-^nss^-s-tt* 

««5H*iJ:^m?^tt**8I^B (III) co^W-^tt 

(a) 2m<D&tezvc>R&&T2>nTm j *temmmz£. 

[0 0 2 9] (b) 21©l/i5I*;i/^- l/sOU*?} 

^«#teW*^St©E^#$gtc$>*J§ (ID 
#tt*TtK^/f (III) *©*^fK#tt#«»a***'J7' 

fc. Sfc, ^-Y-'jrgtSilj^Ji^D + ^'JTro^S*^ 
[0 0 3 0] ^(r±gS«T§^ffi^ttl#lKi:mT«4-tt 

w««iH©ji^««»=»*B (in ^m^rm^mmm 
so ^ (no »c-^sn^i%7 > j:^s^#tt«iH©m-&#w 
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( 5 

7 

[0 0 3 1] 7^P->7->i»i*WJH>I» 

^^»W^fi«UT^*^tt^^c *&, 7 
^-^A^DD^PS^— >> I^l7^Py7" 

[0032] ^/t, mm<D7?nisT->mftm&<Dm 

tt±fcS»«d«5 7 0^7 2 0 nmT»-6©l:»L, 7 
— ^A^ dd7^d >-7— £0 3 ffitf)? ^ n > 

->7->TH6 3 0 — 8 5 0 nmT*5, 
[0 0 3 3] **W©*ME*^* U H>ft#fttlT 
tl. »i**WJH>, 2, 9-^DJI4t?UH 
>, 3, 10-y^D;i/+WUK>, 4, 30 
a;M^£"J K>, 3, 4, 10, ll-rh7^nj|/ 
WJKX 2, 4, 9, ll-fh7^PMt? 
UHX 1, 2, 8, 9-yh5*P^«'JHX 

1, 2, 4, 8, 9, 

>. 2, 4. 9, 1 1 -rf7?PA*t^U H>. 

2. 3, 9, 10-fh7^P^t?UH>. 1, 
4. 8, ll-fh7?PAWJKX 2, 4, 
9, ll-fh77MD^'JHX 1, 4, 8. 
1 l-fh77MP+t^ , JH>> 2, 4, 9, 11 
-f h73-W^UFX 2, 9-iP^)l^9 40 
»JHX 3, 10-^fM«UHX 4, 11- 
y^fWt^UHX 3, 4. 10. 1 l-rK7/ 

^u+^u H>. 2, 4, 9. n-fh7^m 

t^UHX 1, 2. 8, 9-f h7^f;i/*t^'JH 
>, 1, 4, 8, 1 l-Th7^f;P*t^UH>, 
2. 9 h4^>^:*->> ij H>, 3, 10-y^h + 

HWJHX 4, ll-^h^>WJFX 
2, 4, 9, ll-fh7^bmt?'JH>, 1, 
4, 8, 1 1-tH5^ h + '^tJU P>*AW6 
*l£o 50 



£*§8¥6 - 3 1 8 7 2 5 
8 

[0 0 3 4] *RW<Dttote7*ui'7->mift<D5'&* 

7— >> «7^Dy7^>, r 7 ^7^Pv7- 
>, S&7^0y7r>, V«y^A7^Dy7r 

>> ft7^D->7^>W5p +<b&m&3ffiZ>7* 
Dy7z>tLTtt, 7M^A?DD7^n/7- 
>> 7J^^A7MD75 7 n->7^X 7^^ 
A^PA7^D^7-X -T>> ?J ?Ai7D;V7^D>7 
<>>"i7AynA^^nf>7^>. rtfU^A^P 

7— >3W, S3t*i4W4iii©7^P->7->iL 
Ttt, A'^-^^^^n->7^>. ^-JP7^Dy7^ 

[0035] wz±&n¥&®&®n£m*m*i3ito& 
(Dm&vtm\z&z>m an ©m^scsiith 

yM7>h7>hP>^7^ny7r>iffi , AD& 
££&&JB (ID TJi3 0^1 OOOA^SiTfe^ 

»<fc*& J, c *r*", »<fc*i* 
K. nffl««¥»*HC!>#ffifcJ;tK V oc , J 3C , f f 

[0036] i) &mhm<om±. 
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( 6 

9 

[0 0 3 7] b) fiitso«i?^<tsc:tmsfe 
c) nmmm^mftmfrzm^&m-itmmwim^mmfz 

[0 0 3 8] 2) $S&£><K3£ 

a) mwmm®(Dx.yi?w<D®>m; (iTo-sfflv^ti 
o o o Amm&L±i)<&m) tfnsu&m^m&m io 

[0 0 3 9] (-£-tfX&<E>*m. Ktt. BIJ¥) 20 
1) 

2) sums 

&<tx a (i to . mtxx. mt-o ! J 

■JA^'fflV^nS. ffSUvWSttl o o~i o o o 
OA 

3) nm*m#m 

BIHLSlfiB. 3ffi<D£«#F-:7'£tt*;Kteffil&. Cd 

>^T&{Mi&. CdSWiLU. mZitl 0~1 30 
0 0 0 OA 

4) Wf-$£®'&*i®to® 

7*;^>^->'-r ^sr=tV>sc**v 7 

cogSi|ef2, 4, 7-HJ- hn7JI/ti/;>, Xr-7-> 

~3 0 0 0 AT&5. 
[0 0 4 0] 5) «?«-5tt*M4bJB 

?a>'7->M&. -f >>»=f, ^-f^a'&SW (P 
igment Blue 66, Pigment Vi 
o i e t 3 6f) . >Dy7X>ft^ft. >7->it 



OTf 6- 3 1 8 7 2 S 
10 

75>ft§t») . #UKn-Jk #'J7-U>, #'J 

¥m*&nmtomrtem%ft.mmts o~3 o o o at 

[0 0 4 1] 6) 
Au, Pt, Ni, Pd, Cu, Cr, Ag^Ottmm 

Bt/PteS 0-3 0 0 0 A*«»*Ut». 
[0 0 4 2] 

SfcffiOl 1 

J;<^l/iIT0^7X (MISS, 3 0Q/D) 
-hie, «^-«Stt4feK» <I) i:lT^'Jl/>rh7^ 
^>RS;^f;K5KII» (PL -ME) ^4 0 0 

t«^«^it*K©JR^««fc**Ji (II) tbT^'J 
U>T" b ytJJltfy&zS*^^ 5 Kffi** (PL-M 
E) tm^moy^U^T=L> (H,Pc) *8UOjRf& 
»&>&HWrfc:j|«8£1i\ ***KJ:0»2 0 0A»W, 
«^T2, 7-.^f*WJK> (QA-ME) * 

K3S*#Tf»4ooAwt, *<D±tz&*x&m*i< 

fc. ITOt4*«Wiiitt0. 2 5cm l <!:LL 2 

[0 0 4 3] ZOm^CD I TOWr, 7 5 mW/ c m : 

*ffjDLT**a»**»3eUfciJl^Vo,-0. 3 8 
V, J sc =l. 95mA/cm J . f f = 0. 30<h& 
D^24^0. 3 0%tim*>tlfco il<0«tt*«*fi« 

[0 044] tt*$#Jl (^JS^Jl^-T^feCO) 
*J60*J 1 ©Sf«4ttftSS (III) £2. 
**tJ»JH> (QA-ME) ^>^0tCS^«C)^^ 
Q->7^> (H,Pc) ^^4 0 0AI2MT 

^ad^b/to v oc = o. 3 6v, j JC = i. 

ySmA/cm', f f = 0. 2 7 tft 0SE*J»*0. 

[0 0 4 5J *iS^J2 
i<ft#LftITO^X S0Q/D) 

5 0 0 AGDJSS-CKfrfc. m^s^te^K/e 
(I) tbT^'Jl/>fh7M^>Ky7fM5H. 
Si** (PL-ME) «tt4 0 0 A<D»STW&**fU 
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II 

VtmiZ&Z® (II) tUT^'J k>fh7*M>Sfy 
^JKSKffiSf (PL-ME) i:^«<73 7^p->7 
-> (H,Pc) «9iOJllf!»^&|q^(C3ll9i$«. * 
M«lC«tD*?J2 0 0 AKl*. «V4T«^«*ft«»JB 
(III) £LT2, 7-^fMt^JF> (QA- 
ME) *HffiJR»-Cl»4 0 0AKH-. *(D±iZ&%n& 
m%btc ITOi^fttB8liO. 2 5cm ! tl 

[0 0 4 6] COJBf© I TOflJIC. 7 5mW/cm' 
©Sfe5t*BBI#b&**6 > 6mV/sTi»3l£n.5ttJE 
*BMmLT£&8*^*iM5£Ufcie:5V, c = o. 5 4 

V, J 1C = 2. 2 1mA/ cm', f f = 0 . 4 8i)t£ 
[0 04 7] 3dS#| 3 

*js« 2 ©*?■#-*«:*«■ an) 

> (QA) *Xa»3R5&T»4 0 0 ASW&£Wtt*16« 
2iffl«lc* ; ?^f^SI!b. fttt*ft*CM£L&. *©» 

V oc = 0. 5 3V. J 1C = 2. 0 7mA/cm', 
ff = 0. 4 4t60^*0. 64X*«1l6*lft. 

[0 0 4 8] HJ601J4 
X*M2a«?4R-»tt4MMI (HI) £LT-f>->-*A 
^d;P7^d->Z-> ( I n C 1 P c ) *«^§»[*-CiK) 
4 0 0AK^fcK^.faaM6«|2i:P«|»c*^*fPJBL, 

V. c = 0. 51V, J 
JC = 2. lamA/cm', f f = 0. 4 6 kfc0&& 

%imo. 6 7 %tm&tut. zomit&mx&mijm? 

£ LT»i*£&&©T$>£>. 
[0 0 4 9] 

it**fi»J2 (3&S60U2, 3, 4C**T**>©) 
£ttffl2e*?HfttM£ttKJi (III) **S&M©7*d 
•>7z> (H,Pc) 0 0AXaiK*TKtt&£l 

fe. ^©*S*. V, c = 0. 4 7V, J JC = 1. 9 0mA 
/cm'. ff = 0. 3 9 £ft0£»5Hl#0. 46%T 
*JS^J2. 3, 4»CJt'<W6A»K:«V»«T*-pfc. 

[0 0 5 0] §Hi60iJ5 
HiSfi»l2©«-?S$tt4*»HJi (III) S^UU>rh7 
*JU^>B6->*y5 1 ;U'f 3 K*S*Sf (PL-Bu) T#J4 0 

©S-&ttS8lC**S (II) iUT^Ul/>rh7AM 
>8->'^fM5 Kffiipf (PL-Bu) <h*^JS©7^ 

uis7-> (H,p C ) tm<oMHM^&nmizmit! 
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aicsn^tfpKu, a»sa**iweufc. *©»*. v 

0 c = 0. 51V, J sc = 2. OOmA/cm', f f = 
0. 5 1t*t»)3E{ftOT0. 6 9X*«»6ftfc. £©« 

[0051] vt&m 3 5 csrr z> h ©) 

5 (HI) ^*^«©7^D 
->T-> (H,Pc) tfflt>TJia3»»T»4 0 0 AS2 

jMJtUfc. -£©|g*. V„c = 0. 4 3V, J,, — 1. 7 
10 8mA/ cm', f f = 0. 3 8 0. 3 

9 %x-nmm 5 jcit^^tc^MS-c&tjzt. 

[0 0 5 2] 

£d60ij 2 ©f8^§^tt«jSH (I) iLT^U L->^h 
7*;^>8-/7izM (PL- I 

M) £|$4 0 0 AWM, f?§Stt«|gitfft#)t«l 
S?©ig-&tt!8lc:;&-£Ji (II) tLT^'J \/>7-h?tl)l> 
#>Wti?7 x.-)l"( S.^V-Jl'ttft (PL-IM) 15 
mgtS^H07^D>'7z> (H,Pc) 1 5mg£ 

tf}7£-vm.e> isfzm^ 0 7 , f>*- 1- 2 0 0 a m 
&m%jm*m7zvtt. •?-©&*. v oc = o. 51 v. j 

sc = l. 8 3mA/ cm'. ff = 0. 4 9 tU0&& 

iz LTte*#&*>©-e&-5. 
[0 0 5 3] tt«0U4 (*JSCT6lC*fr*fc©) 

->7-> (H.Pc) ftfflV»TKffl3K»Tj»4 0 0 AWt 

lUSgUfc. ■€•©&*. V„ c = 0. 4 0V. J 1C = 1. 6 
30 3mA/ cm', f f = 0. 3 8^02^$0. 3 
3 %"CSIJS^6 Ictt-<^&*Mz(£^a-C*-p^:. 
[0 0 5 4] 

t«T©t*0T&5.. S^g^ttWtKfe® (I) tt 

=?&m&smws. <t m^«-¥ttw«^»©ig^tt^ir * 

■5JS (ID tm^«^t4*rta^S (HO <Z?&JB£L&3 

(II) CtSniffifft^MSil (III) Oifft 
-5-1±^S^Sa©m^«4-14^-C*-5d4:lL:J:f9. V 
40 oc. J.c, f f tLTH^«W#5n. WttlTtSmTJ^ 

•ktJ^S^O^lSlJiL.fc. 

[ias©ffim^sft^] 

[an *&wcoyt&mtim?cD— i*m©i8M0. 

[0 2] |p]_t 
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